Introduction
Human milk is considered to provide an infant with all the essential nutrients needed in the early stages of life following birth [1] . Correspondingly, the World Health Organization recommends that breastfeeding should constitute the exclusive source of nutrition for infants up to at least 6 months of age [2] . Therefore, investigations of human milk content and the factors affecting human milk composition are important for improving the growth and development of breastfeeding infants and for establishing nutritional requirements for lactating mothers.
Minerals are essential nutrients for the growth and development of healthy tissues for both adults and infants [3] . The concentrations of most minerals in human milk remain fairly constant during lactation, except for zinc, copper, and iron. The latter three minerals have their highest concentrations immediately after delivery, and then these concentrations decrease over several months thereafter [4] [5] [6] . For infants with deficiencies in these trace elements, adverse effects on growth, motor development, cell-mediated immunity, and skeletal development have been observed [7] .
Zinc is essential for cellular metabolic processes, immunity, neurological function and sexual development. Zinc also plays a fundamental role in growth and development [8] . Copper has an important role in the growth and formation of bone and in the nervous system [9] , while iron is a component of hemoglobin in the blood and has an essential role in biological oxidation [10] . Copper and iron affect the absorption of zinc by competing with each other, thereby demonstrating how the excessive intake of one essential element may compromise the intake and status of another.
Studies of maternal diet in relation to concentrations of zinc, copper, and iron in human milk have produced mixed results. For example, in one study [4] , no relationship between the iron and zinc content of the human milk and maternal nutritional status was observed, while another study [11] also reported the absence of relationship between maternal intake of zinc and zinc concentration in human milk. However, Arnaud and Favier [12] reported that the concentration of copper in human milk is related to a mother's body mass index (BMI). A study by Leotsinidis et al. [13] further revealed that dietary habits play a role in determining mineral levels in human milk, while smoking affected copper levels. Similarly, both diet and environment have been shown to strongly influence zinc distribution [14] .
Transitory milk is secreted between 5 and 15 days after delivery [15] . During this period, the nutritional components and immune substances vary in human milk. Several researchers have reported that changes in trace elements concentrations, particularly zinc, copper, and iron in human milk can vary according to a mother's diet and its characteristics [12, 14] . However, many studies have focused on examining the components of colostrum and mature milk, while data regarding the concentrations of zinc, copper, and iron in transitory human milk and in relation to maternal diet and environmental factors are limited. Therefore, the aim of the present study was to investigate whether maternal diet and other environmental factors during lactation affect the concentrations of zinc, copper, and iron in transitory human milk, thereby providing useful information for promoting healthy infant growth and development.
Materials and Methods

Study subjects
Ninety-six women who gave birth to healthy full-term babies between 10 June 2013 and 27 January 2014 agreed to participate in this study. All of the women were staying at postpartum care centers in Seoul and Gyeonggi province in South Korea and were in good health, they did not have any known diseases (e.g., hypertension, gestational diabetes, etc), and they provided informed written consent. Convenience sampling was conducted between 5 and 15 days postpartum. This was approved by the Institutional Review Board (IRB) of Ewha Womans University (IRB no: 2013-51-18).
Each participant in this study was interviewed by a trained dietician. Information on general characteristics, including age, height, present weight, BMI, and weight gain during pregnancy, supplementation, and smoking and drinking status, was collected for each mother. For the newborn infants, age, gender, and birth weight were recorded.
Dietary intake assessment
All subjects submitted a 3-day dietary record for dietary assessment that was performed within two weeks of their interview. Each participant was instructed on how to complete the dietary record and was asked to record details regarding the quantity and types of foods they consumed. Food models were used to represent the amount of foods consumed. 
Breast milk collection
Human milk samples (20-50 mL) were collected from 96 healthy lactating mothers between 5 and 15 days after they gave birth. The samples were obtained with an electronic breast pump and were collected into polyethylene bottles. The samples were sealed, placed on ice, then transported to our laboratory to be stored at -20°C until use.
Sample assessment
The contents of each milk sample were analyzed by spectrophotometry. Briefly, nitric acid (HNO 3 ) was added to 1 mL of each milk sample. After each sample underwent digestion under pressure, the samples were quantitatively transferred to clean polyethylene tubes and were diluted in 10 mL of high purity water. Copper and zinc content were analyzed by using an inductively coupled plasma mass spectrometer (NEXION 350D, Perkin Elmer, Waltham, MA, USA). To analyze the iron concentration of each sample, samples were centrifuged at 690 x g for 20 min and then the aqueous phase was collected. Iron concentrations were determined with an automated biochemical analyzer (BS-2000M, Mindary, Shenzhen, China). The detection limits, defined as three standard deviations for the blank, were 0. 15 μg/L for copper, 39 μg/L for iron, and 11 μg/ L for zinc. The accuracy of these analyses were checked by various methods and a reference material (BCR, Geel, Belgium) was included for each test.
Statistical analysis
Statistical analyses were performed using the SAS statistic software package, version 9.3 (SAS Institute, Cary, NC, USA). For continuous data, mean ± standard deviation was calculated. Categorical data were reported as the number and percentage being occupied. Normal probability plots and the Kolmogorov-Smirnov test were used to determine whether the variable followed a normal distribution. Differences between two groups were compared with an independent t-test. When the variables did not exhibit a normal distribution, the variables were subjected to the Wilcoxon's-rank sum test to compare two groups. To analyze the association between continuous variables, Pearson's correlation test was used for data with a normal distribution, while Spearman's rank correlation method was used for data that were not normally distributed. The correlation analysis for dietary intake was adjusted for age, weight, alcohol drinking history, and supplementation during pregnancy. Association between the food items consumed and zinc, copper, and iron concentrations in the human milk samples analyzed were identified with multiple regression models. A stepwise forward selection procedure was used where independent variables and confounders were added to the model according to their significance. For all of the analyses performed, a p-value less than 0.05 was considered statistically significant.
Results
General characteristics of the subjects
The general characteristics of the mothers and their babies that were examined are presented in Table 1 . The mean age of the mothers was 31.8 ± 3.9 years, their mean height was 162.0 ± 4.8 cm, and their mean weight was 60.6 ± 8.2 kg. The mean BMI for the mothers was 23. 1 ± 2.8 kg/m 2 . The mothers gained an average of 13.4 ± 5.3 kg during pregnancy and 82.3% took nutritional supplements during pregnancy. None of the mothers smoked during their pregnancy, although 11.5% of the lactating mothers reported a history of smoking before their pregnancy and 88.5% had no history of smoking. Only 14.6% of the lactating mothers consumed alcoholic beverages during pregnancy. Of the babies born, 52. 1% were male and the average birth weight was 3.2 ± 0.4 kg. The average age of babies was 11.2 ± 2.8 days.
Zinc, copper, and iron concentrations in the human transitional milk and their concentrations according to alcohol drinking and mineral supplement intake
The concentrations of zinc, copper, and iron that were detected in the human milk samples analyzed are listed in Tables  2. The mean obtained from the mothers who took daily supplements was significantly higher than in the milk samples from the mothers who did not take daily supplements (p = 0.002). Table 4 presents the daily nutrient intake data during lactation and the correlation of these data with zinc, copper, and iron concentrations that were detected in the milk samples. The average energy intake for the mothers was 2092.0 ± 314.7 kcal, and their average daily intake of iron, zinc, and copper were 23.6 ± 15.5 mg, 12.5 ± 2.2 mg, and 1.8 ± 1.9 mg, respectively. These amounts of mineral intakes were sufficient to meet KDRIs 2010. While zinc concentrations in the milk samples had no relationship with any particular nutrient intakes during lactation, copper concentrations in the milk samples were positively associated with the consumption of vitamin C (R = 0.236, p = 0.022) and selenium (R = 0.232, p = 0.025), and were inversely associated with iodine intake (R = -0.267, p = 0.013). In addition, iron concentrations in the milk samples significantly correlated with the maternal daily intake of fat (R = 0.215, p = 0.038). Table 5 lists the daily food intake profiles during lactation for the present study, as well as their correlation with zinc, copper, and iron concentrations in the milk samples analyzed. The intake data were divided into 15 categories, and were also classified into an animal-based group and a plant-based group. Among the former group, 'meat and meat products' was found to positively correlate with zinc concentrations in the milk samples. The other food groups, except 'beverage' was shown no significant correlation with the concentrations of zinc, copper, and iron.
Daily nutrient intakes during lactation and concentration of zinc, copper, and iron in human milk
Food intakes by groups and zinc, copper, and iron concentrations in human milk
The cumulative percent contribution and cumulative R 2 of the top 20 food items that affected zinc, copper, and iron concentrations are presented in Table 6 . For this analysis, the dietary intake of the mothers was used to determine the priority and cumulative R 2 of each related food item. Rice was the top contributor to the intake of all three minerals. For zinc, beef, followed by pork and dried seaweed were key food items. However, after considering between-person variability, soy bean sauce, wheat flour, and raw seaweed were the top three food items that contributed to zinc concentrations. In contrast, higher levels of both copper and iron were associated with the intake of lemon, bread with jam, and fly fish caviar.
Discussion
Transitory milk shares some of the characteristics of colostrum, and then milk production is rapidly increased to support the nutritional and developmental requirements of a growing infant [15] . Zinc, copper, and iron concentrations are higher in colostrum and transitory milk compared with mature milk, and this corresponds with the greater need of newborn infants for larger amounts of these minerals and the low volume of milk intake early in their life [16] . In Table 2 , zinc, copper, and iron concentrations in transitional human milk samples that were analyzed in previously reported studies are listed. Zinc (3.88 mg/L) and copper concentrations (0.69 mg/L) in the lactating participants of the present study are within the range previously reported. Regarding zinc, the mean concentrations from the present study were similar or slightly lower than that reported in other .03 mg/L, and this is higher than the concentration determined in the present study [12] . Regarding mean copper concentrations in human milk, various values have been reported worldwide for similar stages of lactation. However, the mean concentration of copper determined in the present study did not markedly differ from those reported in other studies, particularly the values reported by studies conducted in France (0.61 mg/L) [20] , Korea (0.63 mg/L) [18] , and Canada (0.73 mg/L) [21] . However, the copper concentrations reported by studies conducted in the United States (0.59-1.33 mg/L) [22] and Turkey (0.10-3.60 mg/L) [23] are higher than that of the present study. These differences may be due to geographical and nutritional influences associated with these populations [22] . In contrast with the zinc and copper concentrations, the mean iron concentrations reported in the present study tended to be higher than the values previously reported in other studies. However, iron concentrations in the milk samples of the present study did not exhibit a normal distribution, and this could account for the difference in results. Iron supplementation up to comparatively high levels is common in many affluent countries during pregnancy, and often continues into the lactation period [13] . Thus, a wide deviation in milk iron concentrations is possibly due to iron supplementation. Several studies have also mentioned that these differences may be explained by geographical and nutritional influences [22] [23] [24] , as well as differences in sampling procedures [25] . Among the trace elements present in human milk, only iron was significantly associated with some of the general characteristics of the participants examined. For example, a higher concentration of iron was detected in the milk sample that was obtained from mothers who gained less weight during pregnancy, who did not consume alcoholic beverages during pregnancy, and who took daily supplements. Numerous studies have studied the effects of mineral supplements on the concentrations of trace elements in human milk, and most have reported that maternal supplements do not affect the concentrations of trace minerals in human milk [26, 27] . For example, Mello-Neto et al. [27] found no difference in iron concentrations in the human milk produced by women who took daily supplements during pregnancy and the lactating period versus those that did not. In another study, the effect of maternal zinc supplements was very weak and was only apparent in woman who had taken zinc supplements for long periods of time [28] . In the present study, an association between daily iron supplementation and iron concentration in the milk samples analyzed was observed. In Korea, iron supplementation is recommended to minimize the harmful effects of iron-deficiency-based anemia during pregnancy, based on the assumption that long-term iron supplementation during pregnancy and lactation influences the iron concentrations in human milk. A potential detrimental aspect of iron supplementation is the risk of inhibiting the absorption of other micronutrients, including copper and zinc [29] [30] [31] [32] [33] [34] . Iron metabolism involves both zinc and copper, and this mainly mediated via divalent metal transporter 1 [35] [36] [37] [38] and human copper transporter [38] . It has been reported that women receiving iron supplements can have zinc malabsorption [32] . However, in the present study, iron supplementation did not appear to influence the levels of copper and zinc in transitional human milk.
In previous studies, a correlation between maternal intakes of zinc, copper, and iron and the concentrations of these minerals, in human milk has not been observed [11, 28, 39] . Correspondingly, the results of the present study also did not show a clear correlation between dietary zinc intake of the mother and zinc concentrations in human milk. This may be due to active transport mechanisms involving zinc, copper, and iron in the mammary gland [40] [41] [42] [43] . However, iron concentrations in human milk were positively associated with a mother's dietary intake of fat, cholesterol, and magnesium, which may be due to the consumption of meat and meat products. Numerous studies have also reported that intake of dietary copper does not affect copper concentrations in human milk [44] [45] [46] [47] [48] . However, in the present study, daily intakes of vitamin C, selenium, and iodine were related to copper concentrations in the milk samples. Maru et al. [49] previously reported that differences in copper concentrations in human milk between rural and urban mothers could be attributed to variations in the dietary intake of the mothers.
A human's requirement for iron and zinc may be more easily met with animal-based, higher-protein meal plans which provide these nutrients in their most bioavailable form. Many studies have investigated the contents of human milk in relation to dietary nutrient intake, although the use of categorized food groups in these studies has been limited. In the present study, zinc concentrations in the milk samples analyzed were found to be positively influenced by the intake of meat and meat products, while fats and oils appeared to be positive factors for zinc. In contrast, dietary intakes appeared to have less effects on copper and iron concentrations in human milk in the present study. Regarding iron concentrations, there were found to be positively associated with the consumption of certain beverages, including drinks containing fruit nectar, shakes, coffee, and soda. It is difficult to explain these observations, and thus, further studies are needed.
When the major food items that influenced zinc, copper, and iron concentrations in human milk were analyzed by stepwise multiple regression, rice, a staple food of the Korean diet, was the top contributor to all three minerals. For zinc intake, animal-based food items, including beef, pork, eggs, and chicken, were also important contributors. In a similar study [13] , zinc levels were found to be associated with the consumption of fruit and rice, while copper levels were appeared to increase following the consumption of fruits and potatoes. Moreover, plant-based food items such as rice, soy milk, cucumber, and red beans were found to have greater effects on copper intake than animal-based food items. 
Conclusion
In summary, maternal daily intakes of zinc, copper and iron during lactation did not directly affect zinc, copper, and iron concentrations that were detected in the milk samples that were analyzed. However, zinc concentrations were related to the intake of meat and meat products, and copper concentrations correlated with the intake of vitamin C, selenium, and iodine. Furthermore, iron concentrations was found to be more closely associated with the general characteristics of a pregnancy (e.g., drinking during pregnancy and daily supplements during pregnancy) than dietary factors, although food items contributed greatly to iron concentrations in the milk samples than to the zinc and copper concentrations. food items contributed greatly to the concentrations of iron in the milk samples more than to the zinc and copper concentrations. Based on these results, further studies to investigate critical dietary factors that are associated with zinc, copper, and iron concentrations are warranted, with the goal of promoting healthy infant growth and development.
